Study objective-The aim was to compare the ability of census based social deprivation scores devised by Jarman, Carstairs, and Townsend to predict workload in general practice.
Design-This was a prospective study of 140 050 patients registered with general practices over one year from 1 July 1981 (Third National Morbidity Survey). Main outcome measures were workload score for each patient, defined as a weighted sum of consultations at the surgery and consultations elsewhere, excluding preventive procedures.
Setting-25 general practices in England and Wales.
Main results-In multivariate analyses the Jarman, Carstairs, and Townsend indices all predicted workload, but the Townsend index was the best predictor, with both housing tenure and car ownership being strong predictors of workload. The overcrowding and geographical mobility variables used in the Jarman index did not predict increased workload. The weighting assigned to children under five by the Jarman index underestimated the additional workload this group generated.
Conclusions-For identifying social pressures on general practice workload the Jarman index is less valid than other census based scores because it fails to include car ownership and housing tenure. A more rational scheme for compensating general practitioners would directly weight the capitation fee for children aged under was included in a regression model as a single continuous variable. This is referred to as the Jarman "score" index. A "derived" index, containing the best possible subset of all variables suggested by Jarman, Townsend, and Carstairs, was selected by minimising Mallow's Cp coefficient on the first half of the dataset.
Validation
To test the predictive power of each index, the sample was randomly divided into two halves. All coefficients were derived from the first half of the dataset and then applied to the second half (the validation sample) to assess the prediction error for each individual. Individuals with missing data on any variable were excluded, so that all models had the same number of observations. To test whether differences in predictive ability between two models might be due to chance, a "competing models" approach was used. In this it is assumed that workload score is best predicted by a weighted average of the two predictors: Workload score = T x predictor 1 + (1 -c) x predictor 2 + error.
A linear regression of (workload score minus predictor 2) on (predictor 1 minus predictor 2), with no intercept, is performed to estimate the weighting parameter T and its standard error. If the weighting parameter is significantly greater than 0 5, predictor 1 is considered to be significantly superior to predictor 2; this test is equivalent to a test of equality of the mean squared prediction errors. The percent variance explained by each index as well as the relative additional variance was calculated. The latter was derived by calculating the additional variance explained by each index over a model controlling for over 65, over 75, and practice. This additional variance was expressed as a proportion relative to the additional variance explained by the basic Jarman index over the model with age over 65, over 75, and practice.
Results
Age was the strongest single predictor of workload and there was a J shaped relationship. Mean workload score (weighted sum of illness consultations during the year) by age group were: 0-4 years, 4-2 (95O CI 4 1-4-5); 5-64 years, 3-2 (3 2-3 3); 65-74 years, 5-9 (5 7-6-0); 75 + years, 9 5 (9-4-9 7). Table III shows the P coefficients for univariate predictions of workload by each variable, controlling for practice, age over 65, and age over 75. All variables except geographical mobility were significantly associated with workload; for overcrowding there was an inverse relationship. The multivariate analyses resulted in the coefficients for most variables being slightly reduced except for the "age under 5" variable, where the coefficient was increased (data not shown). Repeat analyses using a weighting score of 3 rather than 2-5 for non-surgery consultations yielded similar results, but the coefficients for car ownership and lone parent were slightly increased. Table IV compares the weights given to each variable in the Jarman index by the multivariate analysis with the weights used by Jarman which were based on the opinions of general practitioners. The smallest positively associated variable (ethnic origin) was taken as the baseline. The ranking of variables in the multivariate analysis was similar to that derived from the Jarman index but the multivariate analysis assigned more weight to the effect of age under five years.
The derived index contained eight variables: car ownership, age under five years, unemployment, housing tenure, social class IV or V, overcrowding, lone pensioner, and ethnic minority. Table V shows the percent variance explained by each index and the proportion of variance explained by the Jarman "score" index, Townsend index, and Carstairs index relative to the basic Jarman index. Compared with the basic Jarman index, the Townsend, Carstairs, and derived indices were better predictors and the Jarman score index was worse. When the "age under five years" variable was included in the analysis with the Townsend and Carstairs indices, both these models predicted better than the Jarman index (p<0001). Discussion Although the Jarman index was intended to identify practices with greater workload it has not been validated directly against consultation rates except in one study based on self reported consultations in a two week period.8 Jarman argued that to validate the score against general practice consultation rates would be inappropriate, since hospital services in deprived areas may compensate for inadequate primary health care so that consultation rates for each practice may not reflect "potential workload".3 This argument is valid when consultation rates are compared between areas or practices. However within a practice each individual has the same potential access to available services and the effects of social factors upon workload can be examined by comparing the consultation rates of individuals. Although dealing with consultations takes up two thirds of practitioners' time,19 reliance on the consultation rate as an indicator of workload has limitations since workload is also affected by the complexity of the consultations. It is not possible to examine this in the national morbidity study dataset.
There are difficulties in extrapolating from associations at individual level to associations at area level. There may be a relationship between poor areas and health independent of the attributes of individuals in that area. 22 Analysis based on comparison between practices would not help this issue for the reasons discussed above. This problem is common to both our method and that used by Jarman in constructing his index. Jarman asked general practitioners to weight each of the listed attributes "according to the degree to which it increases workload or contributes to the pressure of work when it is present": this is likely to have been interpreted by respondents as a comparison between individuals in the same practice. The weightings were then extrapolated to produce an area based score.
Only a small additional proportion of the variation in consultation rates between individuals is explained by census variables, when age is taken into account. There are many reasons for large variations between practices in mean consultation rates which are unrelated to social deprivation: for example, some doctors may encourage patients to consult more frequently, and the availability of hospital services differs between practices. The effect of these factors on workload is interesting but irrelevant to the assessment of potential workload associated with deprivation. We consider the practice effects in our models to relate to supply factors rather than to demand or "potential workload". The proportion ofvariance of potential workload (ie, ignoring practice effects) explained by social factors will be far greater at an area level than at an individual level. This is because when the data are aggregated, individual differences in consultation rates will tend to average out while systematic effects of social factors will not. Similarly, the differences between indices in proportion of variance explained are likely to be substantial at an area level even though they are small at an individual level.
The national morbidity study is the largest dataset available to examine the possible relationship between attributes of individuals and general practice workload. Although the age and sex structure of the practice populations is 
